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Distribution and relevance of insulin-like growth factor-I receptor in
metanephric development. During embryogenesis, various ligand-recep-
tor interactions take place to modulate the development and growth of
various mammalian organs. During these interactions, a critical con-
centration of a given receptor is needed to elicit a ligand-induced
biologic response at a defined gestational stage of the fetus. In this
study, the distribution and the relevance of insulin-like growth factor-I
receptor (IGF-IR) in metanephric development was investigated. Kid-
neys were harvested from mouse embryos at days 13 to 19 of fetal
gestation, and maintained in a metanephric culture system. Immuno-
fluorescence studies, using anti-IGF-IR, revealed a high expression of
IGF-IR at day 13, which declined during the later stages of gestation
through neonatal life. To study the relevance of IGF-IR expression in
metanephric development, antisense-oligodeoxynucleotide (ODN) ex-
periments were carried out. Antisense-ODN 43 mer probes were
synthesized utilizing rat IGF-IR cDNA selected nucleotide sequences
which are highly conserved in other mammalian species. Southern blot
analyses of various restriction fragments of the rat and mice genomic
DNA yielded similar bands when hybridized with the antisense-ODN or
rat IGF-IR cDNA, suggesting a high degree of homology in the region
of the gene selected for the synthesis of antisense-ODN. Also, the
antisense-ODN hybridized with the appropriate murine fetal kidney
mRNA species, as ascertained by S1 nuclease protection assay. Inclu-
sion of antisense-ODN in the culture medium resulted in an inhibition of
the growth of the kidney, reduction in the population of the nephrons
and disorganization of the ureteric bud branches. Effectivity of the
antisense-ODN was reduced during the later stages of development
when the expression of IOF-IR is decreased. Immunoprecipitation
studies revealed a reduction in the IGF-IR associated radioactivity,
indicating a specific translational arrest. These studies suggest that
IGF-IR is relevant in the modulation of various developmental events
during the early midgestational period, the time when it is highly
expressed in the metanephric tissues.
During mammalian organogenesis, a relatively high expres-
sion of a wide variety of growth factors has been observed.
These include fibroblast growth factor [1], epidermal growth
factor [2], transforming growth factors [3, 4], insulin [5], insulin-
like growth factor-I (IGF-I) [6] and IGF-II [7]. The individual
expression of these factors varies considerably depending upon
the gestational age of the embryo. For instance, rat IGF-I
mRNA levels are detectable as early as 11th day, and rise 8- to
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10-fold by 13th day of gestation [8]. In contrast, rat IGF-II
mRNA levels remains constant during this midgestational pe-
riod [8]. Such selective expression of various growth factors is
believed to play a significant role in the regulation of organ
hypertrophy, cell proliferation and embryonic differentiation.
Furthermore, a potential role of IGF-IIIGF-II has been eluci-
dated in renal hypertrophy in transgenic mice [9]. In addition,
an inhibition of rat metanephric development was observed
with the inclusion of anti-IGF-I and -II antibodies in the culture
medium [10]. These biological effects are most likely mediated
via specific receptors for a given growth factor.
The receptor for human insulin-like growth factor-I (IGF-IR)
is structurally related to the insulin receptor [11]. The mature
IGF-IR has a heterotetrameric disulfide-bonded structure with
two extracellular alpha subunits containing the IGF-I binding
domain, and two transmembrane beta subunits that include an
intracytoplasmic tyrosine kinase domain [121. The latter domain
induces receptor autophosphorylation and subsequent series of
intracellular transductional events [12]. Conceivably, the peak
activity of these events occurs at the time of high expression of
IGF-Ilsomatomedin C, that is, days 11 to 14 of gestation.
Apparently, during this midgestational period maximal epithe-
lial-mesenchymal interactions take place in the developing
kidneys [13]. The activity of such interactions seems to be
highly concentrated at the tips of ureter bud branches, the site
where nephrogenesis ensues. In view of these findings, it is
conceivable that IGF-IR, via ligand-receptor interactions, influ-
ences various developmental events in the organogenesis of the
kidney.
In this study, we investigated the distribution, expression,
and the relevance of IGF-IR in the modulation of mouse
metanephric development, commencing from early midgesta-
tional period of the embryos.
Methods
Animals
Swiss-Webster mice (Charles River Breeding Laboratories,
Inc., Wilmington, Massachusetts, USA) were used. Paired
male-female mating was carried out, and the appearance of the
vaginal plug was designated as day 0 of the fetal gestation. The
fetuses were removed at 13 to 19 days of gestation, and the
embryonic kidneys and livers were utilized for the experiments.
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In addition, kidneys from newborn mice were also harvested for
immunohistochemical studies.
Immunohistochemical studies
Embryonic and neonatal kidneys were frozen in isopentane
chilled in liquid nitrogen and flat-embedded in the OCT com-
pound. Four-micrometer thick cryostat sections were prepared
from the midplane of the kidney, and air-dried. The sections
were hydrated with 0.01 M phosphate buffered saline (PBS), pH
7.4, and overlayed with a rabbit polyclonal antibody (Upstate
Biotechnology, Lake Placid, New York, USA) directed against
human insulin-like growth factor-I receptor (IGF-IR). Accord-
ing to manufacturer's specifications, this antibody exhibits
immunoreactivity towards murine and rat IGF-IR. The control
tissues were incubated with normal rabbit serum. After 30
minutes of incubation, the sections were washed three times
with PBS and overlayed with FITC-conjugated anti-rabbit IgG
for 30 minutes. The sections were rewashed with PBS, and
coverslips mounted after placing a drop of buffered glycerol on
the section. The sections were examined with an ultraviolet
microscope equipped with epi-illumination.
Selection and synthesis of antisense-oligonucleotide (ODN)
probe
Rat IGF-IR clone (rIGF1R-4) was a gift from Dr. Charles T.
Roberts (NIH, Bethesda, Maryland, USA [14]). An insert
spanning 150 to 1135 bases was excised and subcloned into
pBluescript II KS+ phagemid, amplified in SURE cells (Strat-
agene Cloning Systems, La Jolla, California, USA), and utilized
for Southern blot analyses. Phosphorothioated and nonphos-
phorothioated 43 mer sense (control) as well as antisense-
oligodeoxynucleotide (ODN) probes, spanning 497 downstream
to 539 were prepared by an automated solid-phase synthesizer
(Biotechnology Laboratories, Northwestern University). The
ODNs were purified by high-performance liquid chromatogra-
phy and lyophilized. They were reconstituted with sterile
deionized water, aliquots prepared and stored at —70°C until
further use.
Southern blot analyses of genomic DNA
Rat as well as mice liver tissues were obtained from fetuses at
the 13th day of gestation. DNA extraction was carried out by a
modified method of Blin and Stafford [15]. The extracted
genomic DNA was subjected to 0.8% agarose submarine gel
electrophoresis after digestion with various restriction endonu-
cleases, which included Barn HI, Eco RI, Hind III and Xho I.
After electrophoresis, the gels were successively treated with
denaturing (1.5 M NaCI and 0.5 N NaOH) and neutralizing
solutions (1.5 M NaCI and 0.5 M Tris-HC1, pH 8.0) for 60
minutes each, following which, the digested DNA was trans-
ferred to a nitrocellulose filter by the capillary transfer method
in a lox SSC buffer system [15]. The filter was baked at 80°C
for two hours and prehybridized and then hybridized with
32P-labeled probes [15]. The antisense-ODN probe was radio-
labeled with adenosine S'[y 32P]-thiotriphosphate by polynucle-
otide kinase reaction. The rat IGF-IR insert was radiolabeled
with deoxycytidine S'[y 32P]-thiotriphosphate by the random
priming method. The probes were purified by Sephadex G-25 or
G-50 spun column chromatographic procedures [15]. The blots
were individually hybridized with radiolabeled rat IGF-IR in-
sert and 43-mer antisense-ODN under high (50% formamide)
and low stringency (10% formamide) conditions, respectively.
They were then successively washed with 2x SSC and 0.1 x
SSC and dried, and then the autoradiograms were prepared by
utilizing Kodak X-Omat film.
SI nuclease protection assay
Fetal kidneys of 19-day-old embryos were harvested for the
isolation of RNA. Total RNA was isolated by the guanidine
thiocynate-CsC1 centrifugation method, and poly(A)-selected
by oligo(dt)-cellulose chromatography [15]. The mRNA was
dissolved in the hybridization buffer (40 ifiM PIPES, pH 6.4; 1
mM EDTA, pH 8.0; 0.4 M NaC1, 80% deionized formamide).
Antisense-ODN was radiolabeled with adenosine 5'[y 35S]-
thiotriphosphate by polynucleotide kinase reaction and purified
by spun column chromatography [15]. The radiolabeled an-
tisense-ODN (2 x 106 cpm) was added to the hybridization
buffer containing 10 sg mRNA, heat denatured at 80°C for 10
minutes, and incubated overnight in two separate aliquots at
50°C and 55°C. The control samples included hybridization of
antisense-ODN with 10 g of tRNA. After 12 to 15 hours of
hybridization, S1 nuclease digestion was carried out [15]. The
digests were purified by chloroform-phenol extraction, followed
by ethanol precipitation. The precipitates, containing RNA:
DNA hybrids, were dissolved in a formamide loading buffer,
heat denatured at 95°C for 5 minutes, and analyzed by poly-
acrylamide gel (8% polyacrylamide/8 M urea) electrophoresis
[15]. Hae III digest of plasmid pBR322 (Boehringer Mannheim
Biochemicals, Indianapolis, Indina, USA) was used as the
molecular weight standards. Subsequent to electrophoresis, the
gels were dried and autoradiograms prepared.
Organ culture system and experimental design
Embryonic kidneys were harvested from the fetuses at 13
days of gestation, and maintained in an organ culture system as
described previously [16—18]. Briefly, following the dissection
of metanephric tissues, they were placed on an 0.8 sm filter and
floated on a serum-free defined medium in a 35 mm petri dishes,
and maintained at 37°C in a humidified incubator with a mixture
of 95% air and 5% CO2. The defined medium consisted of equal
volumes of Dulbecco's modified Eagle's medium and Ham's
nutrient mixture F12 (Sigma Chemical Co., St. Louis, Missouri,
USA), supplemented with transferrin (50 pg/m1), penicillin and
streptomycin (100 tgIml), pH 7.4.
To define the role of IGF-IR in metanephric development,
both phosphorothioated and nonphosphorothioated-ODN
probes were used. Sense and antisense-ODN probes were
individually added into the culture media. Initially, 0.1 to 1.0
/LM concentrations of various ODNs were used, and a concen-
tration of 0.5 M yielded maximal effects without any discern-
ible cytotoxicity, as ascertained by electron microscopy. In
other experiments, the sense and antisense-ODNs were added
at different stages of the culture with varying time exposures to
the metanephric tissues. After exposure to various ODNs, the
tissues were processed for biochemical and morphological
studies.
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Morphological studies
A minimum of twenty-five kidney explants was used for each
experimental variable. The explants were immersion-fixed in
Karnovsky's paraformaldehyde-glutaraldehyde fixative and
processed for light microscopy. Approximately 0.5 sm-thick
sections were prepared from the metanephric tissues embedded
in EPON. The sections from the midplane of embryonic kid-
neys which included both the poles, the hilus, and having the
maximum number of ureteric bud branches were evaluated. For
morphometric analyses, sections of the embryonic kidneys
were photographed and printed to a final magnification of x
100. Total number of glomeruli, including S-shaped body and
precapillary stages, in each kidney was enumerated. The rela-
tive area of the kidney was determined by pointing counting
method, as described in our previous publications [17, 18].
Biochemical studies
For biochemical studies, the metanephric explants were
individually treated with sense and antisense-ODNs for 48
hours, and labeled with [35S]-methionine (0.25 mCi/ml) for six
hours prior to the termination of the experiment. The explants
were then washed with a defined medium and transferred to an
ice-cold PBSTDS buffer (0.058 M Na2HPO4, 0.017 M NaHPO4,
0.068 M NaC1, 1% Triton X-l00, 0.5% sodium deoxycholate,
0.1% sodium dodecyl sulfate), and were vigorously shaken at
4°C for six hours. The homogenate was centrifuged at 1,500 rpm
at 4°C for 15 minutes. The supernatant, containing membrane
proteins, was recentrifuged at 200,000 g at 4°C for 60 minutes.
The pelleted membranes were redissolved in PBSTDS buffer,
and TCA-precipitable radioactivity as well as the protein con-
tent were determined. Total radioactivity, normalized to per pg
of protein, was then calculated in each experimental variable.
Aliquots containing equal amounts of radiolabeled proteins in
each variable were utilized for immunoprecipitation procedures
as detailed previously [19] with polyclonal anti-IGF-IR anti-
body. The antibody and IGF-IR complex was further immuno-
precipitated with protein-A Sepharose 4B (Pharmacia LKB
Biotechnology, Piscataway, New Jersey, USA). The final im-
munoprecipitated complex was dissolved in a sample buffer,
heat denatured at 95°C for 10 minutes, and subjected to 5%
SDS-polyacrylamide gel electrophoresis. The gels were fixed in
10% acetic acid and 25% methanol, washed with distilled water,
immersed in 1 M sodium salicylic acid and dried. Autoradio-
grams were prepared by exposing the dried gels to Kodak
X-Omat film.
Results
The results of this investigation pertain to the initial postin-
ductive period of the metanephric development. Normal devel-
opment of the embryonic kidney during this period has been
well-detailed in many literature reviews and regular articles [13,
16—18, 20—23], and we include here a brief description of the
distribution of IGF-IR in the metanephric explants.
Immunohistochemica! studies
At the 13th day of gestation, the IGF-IR immunoreactivity
was seen throughout the kidney. The IGF-IR was localized over
the plasmalemma of both the cell types of the metanephric
tissues, that is, ureteric bud epithelia and mesenchymal cells
(Fig. lA). Similarly, a uniform plasmalemmal immunoreactivity
was observed over the undifferentiated glomerular and tubular
elements. The intensity of fluorescence seemed to be somewhat
accentuated on the epithelial cells of ureteric bud, especially at
the distal portions or tips of the ureteric bud branches (Fig. lÀ).
At day 17, the immunoreactivity was reduced and weak fluo-
rescence was observed over the plasmalemma of all the cell
types of kidney tissues (Fig. 1B). The immunoreactivity over
the epithelia of ureteric bud branches was still readily discern-
ible. At day 21(2-day-old newborn), most of the immunoreac-
tivity was seen over the well-differentiated tubular epithelia
(Fig. lC), and the remaining parenchyma exhibited weak im-
munofluorescence. No discernible immunofluorescence could
be observed in the control tissues stained with normal rabbit
serum and FITC-conjugated anti-rabbit IgG (Fig. 1D). A change
in the in situ expression of the IGF-IR suggested that it may
have some relationship to the metanephric development. To
examine the relevance of IGF-IR in metanephric development,
experiments with antisense oligonucleotides were carried out.
Selection and validity of antisense-oligonucleotide (ODN)
probes
Since the nucleotide sequence data of alpha subunit for
mouse IGF-IR is not available at present, we utilized known rat
cDNA sequences to synthesize the oligonucleotide probes. We
selected the region, as indicated in the Methods section, which
had highly conserved interspecies sequences, that is, 86% and
83% identity (43 basepair overlap) with human and chicken
IGF-IR, respectively. To further validate the usage of this
ODN, Southern blot hybridization of the restriction digests of
rat and mice genomic DNAs was carried out.
Southern blot analyses
First, restriction enzyme digests of genomic DNAs were
hybridized with insert prepared from rat IGF-IR clone. Analy-
sis of the blot revealed — 5, — 4.5 and — 6.5 Kb (Fig. 2A, lanes
1, 2 and 3) bands in the rat genomic DNA digested with Barn
HI, Eco RI and Hind III, respectively. A faint band, corre-
sponding to 2.5 Kb, was also noted in the lane of genomic
DNA digested with Bam HI. No band was observed after
digestion of DNA with Xho I (figure not included). Bands with
similar sizes were observed for the mouse genornic DNA
digested with the same restriction endonucleases (Fig. 2A,
lanes 4, 5 and 6). A small shift (— 500 bp) in the band was seen
in all the lanes, and the intensity seemed to be stronger. Xho I
did not cut the DNA in the region of the IGF-IR gene, and thus
no band was seen.
The hybridization of restriction enzyme digests of rat and
mouse genomic DNA with radiolabeled 43 mer antisense-ODN
yielded similar results. The bands with molecular sizes similar
to those of IGF-IR insert hybridization were seen (Fig. 2B,
lanes 1 to 3, rat DNA; lanes 4 to 6, mice DNA). The 2.5 Kb
band, seen in Figure 2A, lanes 1 and 4, was not observed.
Another faint band (— 7.0 Kb) was noted in both the rat and
mice genomic DNAs digested with Eco RI (Fig. 2B, lanes 2 and
5), The similarities in the molecular weights of these bands
assured us that there must be extensive homology between the
113'iJ
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Fig. 1. Immunofluorescence micrographs of
metanephric tissues harvested at day 13 (A)
and day 17(B) of the fetal gestation, and
from 2 day old new born mice (day 21,
19+2, C), and stained with anti-IGF-IR
antibody. There is a high expression of IGF-
IR on the cell membranes of the
metanephric mesenchymal and ureteric bud
epithelial cells at day 13 (A). The cells lining
the ureteric bud branches (UB) exhibit
relatively higher expression of IGF-IR as
compared to the metanephric mesenchymal
cells. The immunoreactivity is considerably
decreased by 17th day of gestation (B), and
IGF-IR expression is mainly seen in the
well-differentiated tubular epithelia (T) of
the newborn mouse kidney. Control (D)
metanephric explant, harvested at day 13,
was stained with rabbit IgG only. A-D, x
100.
mouse and rat IGF-IR cDNA and the sequences of the an- 2). This indicated that the ODN formed an appropriate DNA:
tisense-ODN are, most likely, highly conserved between the RNA hybrid, and thus the hybrid was protected from the S1
two species. nuclease digestion. In the control samples incubated with tRNA
(Fig. 3, lanes 3 and 4), no band was visualized, suggesting that
Si nuclease protection assay the radiolabeled antisense-ODN did not hybridize, and thus the
To ascertain the hybridization of antisense-ODN with appro- ODN was enzymatically degraded by S1 nuclease.
priate mice kidney mRNA species, a modilied S1 nuclease
protection assay was carried out. A single band ('— 43 bp) of Morphological studies
radioactivity was observed when the antisense-ODN was hy- In general, the effects of nonphosphorothioated ODNs on the
bridized with mice mRNA at 50°C or 55°C (Fig. 3, lanes 1 and metanephric kidneys, harvested at the 13th day of gestation,
0'we
1 2 3 4 5 6 123 4 5 6
were relatively less discernible as compared to those seen with
phosphorothioated antisense-ODN probes. Within 48 hours of
exposure of the metanephric kidneys to antisense-ODN, a
considerable reduction in the size of the kidneys was observed
as compared to the control (Fig. 4 B vs. A). The glomerular as
well as tubular populations decreased. The ureteric bud
branches seemed to be disorganized and the tips were some-
what blunted (Fig. 4 B vs. A). The mesenchyme appeared to be
relatively expanded with the decrease in epithelial elements of
the metanephric tissue. A further relative reduction in the size
of the kidney and the population of nephrons was observed
after four days of exposure to antisense-ODN as compared to
the respective control (Table 1). After six days of exposure to
antisense-ODN, a significant reduction in the size of the meta-
nephric kidney and in the population of glomerular and tubular
elements was noted (Fig. 4D). The six day control (not included
here) had morphological features similar to that of control for 48
hours exposure (Fig. 4A), but had an abundant population of
precapillary glomerular bodies. A two day exposure of sense-
ODN resulted in a minor reduction in the size of the kidney as
compared to the control (Fig. 4 C vs. A), however, there were
obvious differences between the size and the morphology of the
metanephric tissues exposed to antisense-ODN (Fig. 4 C vs. B).
Similarly, minor differences were observed between the control
and the tissues exposed to sense-ODN for either four or six
days (Table 1).
Next, we investigated the effect of antisense-ODN at various
stages of the metanephric development. A continuous six days
exposure of antisense-ODN, commencing from the 13th day of
gestation (day 0 of culture), resulted in marked alterations in the
morphology of the metanephric tissues (Fig. 5 B vs. A). The
ureteric bud branches were attenuated, had blunted and rudi-
mentary tips, and the population of glomerular and tubular
elements was significantly reduced. The effect of antisense-
ODN was relatively less when its exposure was initiated at day
Fig. 2 Autoradiograms of the restriction
digests of rat (lanes 1—3) and of mouse (4—6)
liver genomic DNAs from fetuses at 13th
day of gestation, and hybridized with rat
IGF-IR clone (A) and antisense-
oligodeoxynucleotide (ODN) (B). The
genomic DNAs were digested with Barn HI
(lanes 1 and 4), Eco RI (2 and 5) and Hind
III (3 and 6). Ten micrograms of the
digested DNA was loaded in each lane. The
electrophoretic bands with similar molecular
weights are observed in various restriction
digests of the rat and mice genomic DNAs.
Fig. 3. Autoradiograms of S1 nuclease digests of antisense-ODN:RNA
hybrids. Lanes I and 2 represent 10 pg of mice kidney mRNA
hybridized with antisense-ODNs at 50°C and 55°C, respectively; fol-
lowed by S1 nuclease digestion. A single band of radioactivity, corre-
sponding to the size of ODN (—43 bp) is observed in both the lanes. No
band is seen in the control tRNA samples (lanes 3 and 4) incubated with
antisense-ODN, indicating the susceptibility of nonhybridized-unpro-
tected radiolabeled ODN to S1 nuclease digestion.
2 of the culture and extended for four days only (Fig. S C vs. A,
Table 2). The antisense-ODN effect was further lessened when
the metanephric tissues were exposed for a shorter period, that
1246 Liu et a!: IGF-IR in metanephric development
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Fig. 4. Light micrographs ofthe kidney
explants harvested at day 13 of the
gestation, and exposed to
phosphorothioated antisense-ODN (0.5 ,iM)
for2 (B) and 6 (D) days in the metanephric
culture system. C is the explant exposed to
sense-ODN for 2 days, and A represents the
untreated metanephric kidney. A
considerable reduction in the size and in the
population of the nephrons is observed in
the explants exposed to antisense-ODN for
2 or 6 days. In addition, disorganization of
the ureteric bud branches is also observed.
A-D, x 25.
Table 1. Effect of IGF-IR antisense or sense-ODNs on metanephric
developmenta
Stage of
the culture
Duration of
antisense
or sense-ODN
exposure
Number of
glomeruli" Relative area
Day 2
Control — 19.26 1.37 76.18 11.16
Sense 2 days 18.09 2.48 73.88 10.93
Antisense 2 days 12.75 l.41c 61.45 9.88c
Day 4
Control — 26.85 2.56 97.18 10.64
Sense 4 days 26.37 1.76 92.67 12.55
Antisense 4 days 13.28 0.98c 65.25 7.88c
Day 6
Control — 36.05 4.93 108.01 14.44
Sense 6 days 33.50 4.48 102.17 15.32
Antisense 6 days 10.73 0.69c 57.32 7.12
Values are expressed as mean SD; N = 25.
Abbreviations are: ODN, oligodeoxynucleotide; IGF-IR, insulin-like
growth factor-I receptor.
Metanephric explants were harvested at day 13 of the gestation
(designated as day 0 of the culture) and maintained for 2, 4 and 6 days
in culture
b Number of glomeruli represents the nephron population in
S-shaped body and precapillary stages
"Significantly different from the control (P < 0.001)
is, 48 hours, and at later stages of the culture, that is, day 4 (Fig.
5 D vs. A, Table 2). A comparable exposure of 48 hours with
antisense-ODN at an earlier stage of the culture, that is, day 0,
resulted in a relatively marked inhibition in the growth of the
metanephric kidney (Figs. 4 B vs. 5D, Tables 1 and 2).
Biochemical studies
To establish the relationship between the morphological data
with the IGF-IR translational block, immunoprecipitation ex-
periments were carried out. Forty-eight hours exposure did not
reveal any significant differences between the total incorporated
[35S]-methionine associated radioactivities/g of protein be-
tween the control and the metanephric tissues exposed to
antisense-ODN. However, immunoprecipitated IGF-IR associ-
ated specific radioactivity was significantly reduced in tissues
exposed to antisense-ODN as compared to the control and
those treated with sense-ODN. The specific reduction in the
IGF-IR associated radioactivity was confirmed by SDS-PAGE
analysis. Normally, one observes two bands (240 kd and 130
kd), corresponding to embryonic forms of alpha and beta
subunits of murine IGF-IR (Fig. 6, lane 1 [24]). A decrease in
the intensity of both the bands was observed in tissues exposed
to antisense-ODN (Fig. 6, lane 2 vs. lane 1). However, the
intensity of the upper band, corresponding to the alpha unit,
was considerably reduced. No appreciable differences in the
intensities of both the bands were observed in metanephric
tissues exposed to sense-ODN (Fig. 6, lane 3 vs. lane 1).
Discussion
In murine metanephric development, epithelial-mesenchymal
inductive interactions take place approximately at 11th day of
gestation of the embryo. The interactions are reciprocal in
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Fig. 5. Light micrographs of the kidney
explants harvested at day 13 of the the
gestation, and exposed to
phosphorothioated antisense-ODN for 6 (B),
4 ( C) and 2 (D) days. The exposure to
antisense-ODN was initiated at days 0 (B), 2
(C) and 4 (D) of the metanephric culture.
Maximal effectivity of the antisense-ODN is
observed when the exposure is initiated
during early stages of the metanephric
culture (B vs. C vs. D). Panel A represents
the untreated metanephric explant. A-D, x
25.
Table 2. Effect of IGF-IR antisense-ODN on different stages of
metanephric developmenta
Period (stages) of
the culture
with antisense-ODN Duration of Number
in the medium ODN exposure of glomerulit' Relative area
Controlc — 36.05 4.93 108.01 14.44
Day 0—6 6 days 10.73 069d 57.32 712d
Day 2—6 4 days 19.34 173d 89.32 8.12"
Day 4—6 2 days 32.69 5.83 101.05 15.73
Values are expressed as mean SD; N = 25.
Abbreviations are: ODN, oligodeoxynucleotide; IGF-IR, insulin-like
growth factor-I receptor.
a Metanephric explants were harvested at day 13 of the gestation
(designated as day 0 of the culture) and maintained for 6 days in cultureb Number of glomeruli represents the nephron population in
S-shaped body and precapillary stages
Control explants were cultured for 6 days without antisense-ODNd Significantly different from the control (P < 0.001)
which ureteric bud epithelium induces the conversion of mes-
enchymal cells to form glomerular and tubular elements, and in
turn, the ureteric bud undergoes continuous dichotomous
branches. At about 13th day of gestation, glomerular and
tubular elements can readily be seen. The process of reciprocal
induction with the evolution of various nephron elements, at the
tips of ureteric bud branches, continues during postinductive
period through neonatal life. During the postinductive period,
receptor expression for various growth factors deems necessary
to sustain continued development and growth of the metaneph-
ros. The findings of the present investigation, that is, a high
expression of IGF-IR in the immediate postinductive period,
suggest that IGF-IR probably plays a role in the metanephric
development. The abundance of IGF-IR seems to have a
reasonable correlation with the high expression of its ligand,
that is, somatomedin C, observed at day 13 of the gestation in
various embryonic tissues [8, 24]. The ligand-receptor correla-
tive expression is also observed during the later stages of the
fetal gestation, that is, concentrations of both the IGF-I and
IGF-IR decline simultaneously [8, 25]. However, a rather
gradual decline in the somatomedin C concentration is seen in
the culture media of liver and kidney explants during the latter
part of the gestation [10, 26]. All these observations suggest that
an optimum tissue concentration of somatomedin C and of
IGF-IR is necessary for the growth and development of the
kidney.
Evidence for the optimal requirement of IGF-IR during the
initial postinductive period of development of the kidney was
provided by the antisense experiments. The antisense-ODNs
displayed a remarkable inhibition of the growth of the kidney
when added to the culture medium at day 0. The antisense-
ODNs were less effective when added during later stages of
culture, that is, day 2 or 4. These findings further attest to the
notion that IGF-IR and its ligand, somatomedin C, are crucial
for the metanephric development in the initial stages when
active epithelial-mesenchymal interactions are taking place.
The findings also suggest that the IGF-IR may be of lesser
significance during the later stages of development, although
there is still a continuum of inductive processes and of nephron
formation. It is also conceivable that the effectivity of an-
tisense-ODNs in the midgestational period may be related to
other factors, such as presence of nucleases. The nucleases
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Fig. 6. Autoradiograms of the anti-IGF-IR immunoprecipitates ex-
tracted from metanephric explants radiolabeled with (355j-methionine.
The lane 1 represents the extract from untreated kidney, and lanes 2 and
3 represents the extracts from the metanephric explants exposed to
antisense- and sense-ODNs, respectively. A notable reduction in the
intensity of the bands, corresponding to alpha and beta subunits of
murine IGF-IR, is observed; suggesting a translational arrest of IGF-IR
after exposure to the antisense-ODN (lane 2). The autoradiograms are
representative of 3 different experiments. Abbreviation is Sa, sample
application site.
would degrade the antisense-ODN, and its various fragments
may bind to other nucleotides and thus generating a non-
specific inhibitory effect on the growth of the metanephric
kidney. It is quite speculative to say here that this may be the
case; however, the fact that we used a phosphorothioated
antisense-ODN negates this possibility.
The phosphorothioated ODNs are quite resistant to nuclease
digestion, and are powerful agent in inducing the tissue endog-
enous RNase H cleavage activity towards antisense-ODN:RNA
hybrids. Their effects are quite specific when used up to a
concentration of 1 LM in the medium [27]. The antisense-ODNs
are potent non-specific inhibitors of translation above 1 M
concentration in the culture medium. To retain the specificity of
antisense-ODNs, all the experiments were carried out at 0.5 M
concentration in the medium. The data relating to the specificity
are further strengthened by two other findings of this investi-
gation. First, a quite specific translational block was demon-
strated by immunoprecipitation studies. The translational block
was evident by reduction in the band intensities for both the
alpha and beta subunits of IGF-IR, and no significant differ-
ences between the control and antisense-exposed kidneys in
their total [35S]-methionine-associated incorporated radioactiv-
ities, normalized to per sg of protein, were observed. Secondly,
no significant translational block was noted after exposure of
metanephric kidneys to sense-ODN. These observations sug-
gest that the elucidated effects of IGF-IR antisense-ODNs are
quite specific.
The specificity of a given antisense-ODN is also dependent
upon the number of base pairs. The effect of longer antisense-
ODNs are regarded usually quite specific because of the lesser
likelihood of homology with the sequences of other nucleotides.
However, they may be toxic to the cells. This difficulty was
curtailed by using low concentration (0.5 M) of antisense-
ODNs in the medium, although some investigators observed no
cytotoxic effects upto a concentration of 5 /.tM in the medium
[28]. In any event, we did not observe any cytotoxicity either
with sense or antisense-ODNs in our studies. Thus, the usage of
longer antisense-ODN (43 mer) enhanced its specificity, in
terms of inhibition of the metanephric development, in this
investigation.
The question of specificity of nucleotide sequences of the
antisense probe with respect to interspecies differences was
addressed by using restriction digest analyses of mice and rat
genomic DNAs. The antisense-ODN as well as the rat IGF-IR
insert yielded similar electrophoretic bands by Southern analy-
ses; this strongly suggests a high degree of homology between
rat and mice IGF-IR. Moreover, as indicated earlier, the
antisense-ODN had 86% and 84% homology (43 bp overlap)
with human and chicken IGF-IR, respectively. The homology
IGF-IR with other relevant nucleotide sequences relates to that
of insulin receptor. The human IGF-IR and insulin receptor
display 48% homology in the cysteine-rich pockets, and 64% in
the cysteine-rich flanking regions of the alpha subunit [29]. This
suggests, most likely, that the IGF-IR antisense-ODNs did not
interfere in the function of insulin receptor. Moreover, the fact
that the expression of insulin receptor is relatively rather low in
various embryonic tissues at this stage of fetal development [24]
suggests that the antisense-ODN effects are quite specific in
terms of the biologic activity of the IGF-IR, and are not related
to any perturbation in the functions of the insulin receptor.
In summary, IGF-IR is present in the metanephric tissues at
the 13th day and its expression declines during the later stages
of the gestation. Its relatively high expression in the murine
midgestational period seems to be relevant in the normal growth
and development of the metanephric kidney.
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